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Abstract
The electromagnetic process e+e  ! pp is studied with the initial-state-radiation technique using 7.5 fb 1 of data
collected by the BESIII experiment at seven energy points from 3.773 to 4.600 GeV. The Born cross section and the
effective form factor of the proton are measured from the production threshold to 3.0 GeV/c2 using the pp invariant-
mass spectrum. The ratio of electric and magnetic form factors of the proton is determined from the analysis of the
proton-helicity angular distribution.
Keywords: proton, electromagnetic form factors, initial state radiation, BESIII
1. Introduction
The investigation of nucleon structure through elec-
tromagnetic probes plays a central role in the under-
standing of strong interactions. Space-like (SL) pho-
tons (momentum transfer squared q2 < 0) in elastic
electron-nucleon scattering experiments allow an accu-
rate description of the three-dimensional structure of the
nucleon through the study of the electromagnetic form
factors (FFs). The electric FF GE and the magnetic FF
GM are assumed to be analytic functions of q2 [1], and
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thus are also defined for the time-like (TL) kinematic
domain q2 > 0. Furthermore, it is possible to relate
SL and TL FFs through dispersion relations [2]. In the
TL region, nucleon FFs can be associated with the time
evolution of the charge and magnetic distributions in-
side the nucleon [3].
Compared to the SL sector, where a percent level
precision has been achieved [4], the knowledge of the
TL proton FF is rather limited. Proton FFs in the TL
region have been studied by various experiments in the
direct annihilation processes e+e  ! pp [5–16] and
pp ! e+e  [17–20], and in the initial-state-radiation
(ISR) process e+e  ! pp [21–24]. Due to low
statistics, many previous experiments have only deter-
mined the absolute value of the effective FF of the pro-
ton from the cross-section measurement. More recent
measurements [14, 15, 18, 21, 22] have been able to
determine the ratio of the proton FF absolute values
(Rem = jGEj=jGMj) in the pp invariant mass (Mpp)
region below 3.08 GeV/c2. The best determination of
Rem, with a precision of around 10%, has been achieved
by BESIII [16].
The ISR technique with an undetected photon has
been used in our previous study [24] of the process
e+e  ! pp to measure the TL proton FFs. In that
analysis, events were selected where the ISR photon
was emitted at small polar angles (SA-ISR), and hence
the threshold region below 2 GeV/c was not accessi-
ble due to the limited angular acceptance of the BESIII
tracking system. In this Letter we extend our previous
study to the case where the ISR photon is emitted at
large polar angles (LA-ISR) and is detected. This al-
lows access to the threshold region and provides mea-
surements of the proton helicity angle p in the fullMpp
range, in contrast to the analysis of the SA-ISR events.
By analyzing the distribution of p, defined in the pro-
cess e+e  ! pp as the angle between the proton mo-
mentum in the pp rest frame and the momentum of the
pp system in the e+e  c.m. frame, it is possible to de-






Figure 1: Feynman diagram for the process e+e  ! pp under the
assumption of one virtual photon exchange. The bold vertex provides
access to the hadronic FFs information.
In the e+e  center-of-mass (c.m.) frame, the dif-
ferential cross section for the process e+e  ! pp un-
der the assumption of one virtual photon exchange (Fig-













where q2 is equal to the square of the pp invariant
mass Mpp,   1137 is the fine structure constant,
 =
p
1  1= is the velocity of the proton with
 = q2=4m2p andmp the proton mass, and # is the polar
angle of the proton in the e+e  c.m. frame where the
z-axis points along the direction of the positron momen-
tum. The Coulomb factor C = y
1 e y with y =

 ac-
counts for the electromagnetic interaction between the
outgoing proton and antiproton [22, 26]. The cross sec-
tion depends on the moduli of the magnetic and electric
5
FFs, which can be determined from the analysis of the
proton angular distribution. The precise knowledge of
the FFs in a wide kinematic region probes the transi-
tion region, from non-perturbative to perturbative QCD
(pQCD).
By integrating the differential cross section














2 jGMj2 + jGEj2
2 + 1
; (3)
which is equivalent to jGMj determined under the as-
sumption of jGMj = jGEj. A complementary approach
to study the e+e  ! pp process is provided by the ISR
technique. This technique makes use of the emission of
at least one high energy photon off the beam particles
(Figure 2) which reduces the invariant mass of the pp
system in the final state. The differential cross section
























where E is the energy of the ISR photon in the e
+e 
c.m. frame, W (s; x) [27] is the radiator function which
gives the probability of ISR photon emission, and me
and
p
s are the electron mass and the c.m. energy of the
beams, respectively. In the study of the e+e  ! pp
process, the cross section for the process e+e  ! pp
and the ratio of the proton FFs can be measured over









Figure 2: Lowest order Feynman diagram of the process e+e  !
pp assuming one virtual photon exchange, where  is a real photon
emitted from the initial state.
2. BESIII experiment and data sets
The BESIII experiment collects data at the BEPCII
electron-positron collider, which operates at c.m. ener-
gies between
p
s = 2.0 and 4.7 GeV. The baryon TL FFs
can be measured at BESIII both in ISR and in direct an-
nihilation processes [28]. In this letter the investigation
of the ISR process e+e  ! pp is reported. The data
sets used in this analysis [29, 30] have been collected
by BESIII at seven c.m. energies between 3.773 and
4.600 GeV with a total integrated luminosity of 7.5 fb 1
(see Table 1).
The cylindrical BESIII detector [31] covers 93% of
the 4 solid angle around the interaction point (IP),
where the electron and positron beams collide at a small
angle of 22 mrad. Beginning with the innermost compo-
nent, BESIII consists of the following subdetectors: (1)
a helium-based Main Drift Chamber (MDC) composed
of 43 cylindrical layers coaxial with the beam pipe, (2)
a Time-of-Flight system (TOF) consisting of 176 plas-
tic scintillator counters in the barrel part, and 96 coun-
ters in the endcaps, (3) an Electro-Magnetic Calorime-
ter (EMC) consisting of a barrel and two endcaps with
6
6240 CsI(Tl) crystals, and (4) a Muon Counter (MUC)
composed of nine Resistive Plate Chamber (RPC) lay-
ers in the barrel and eight RPC layers in each endcap.
The MDC provides a momentum resolution of 0.5% for
charged tracks with 1 GeV/c momentum and a spatial
resolution of 135 µm. The resolution of the energy-loss
measurement (dE/dx) by the MDC is better than 6%.
The time resolution of the TOF is 80 ps in the barrel
and 110 ps in the endcaps. The EMC provides an energy
measurement with a resolution of 2.5% in the barrel and
5% in the endcaps for photons/electrons with an energy
of 1 GeV. The MUC is used to identify muons and pro-
vides a spatial resolution better than 2 cm. The MUC
is housed in the return yoke of the solenoidal magnet,
which provides 1 T magnetic field.
Monte Carlo (MC) signal and background samples,
simulated using the GEANT4-based [32, 33] BESIII
OBJECT ORIENTED SIMULATION TOOL (BOOST)
software [34], are used to optimize the event selection
criteria, estimate the background contamination and de-
termine the selection efficiency. The signal process
e+e  ! pp is generated with the event generator
PHOKHARA 9.1 [35], which includes radiative cor-
rections of ISR up to next-to-leading order, final-state-
radiation and vacuum polarization. Inclusive MC sam-
ples generated with BesEvtGen event generator [36] are
used to simulate all the hadronic final states containing
u, d and s quarks. The dominant background channel,
e+e  ! pp0, is generated exclusively using the phase
space CONEXC [36] generator.
Table 1: The integrated luminosity L of the data sets used in the
e+e  ! pp analysis. The uncertainties are statistical and sys-
tematic, respectively.
p
s [GeV] L [pb 1]
3.773 2931.8  0.2  13.8 [29]
4.009 481.96  0.01  4.68 [30]
4.230 1053.9  0.1  7.0 [30]
4.260 825.67  0.13  8.01 [30]
4.360 539.84  0.10  5.24 [30]
4.420 1041.3  0.1  6.9 [30]
4.600 585.4  0.1  3.9 [30]
3. Selection of e+e  ! pp events
Two charged tracks with net charge zero are re-
quired in the MDC. The point of closest approach to
the IP for each of the tracks is required to lie within a
1 cm radius in the plane perpendicular to the beam and
10 cm along the beam direction. The polar angle of
the track with respect to the direction of the positron
beam, , must be inside in the fiducial volume of the
MDC, j cos j < 0:93. The particle identification (PID)
from the relevant sub-detectors is combined to calcu-
late probabilities for the pion, kaon, proton, electron and
muon hypotheses for the tracks. The two charged tracks
must be identified as a proton and an antiproton. In ad-
dition, the ratio E=p, with the energy E measured in
the EMC and the momentum p measured in the MDC,
is required to be smaller than 0.5 for the proton can-
didate to suppress the ISR Bhabha background. Pho-
ton candidates are selected using the information on the
electromagnetic showers in the EMC. It is required that
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the shower time is within 700 ns of the event start time
to suppress electronic noise and energy deposits unre-
lated to the event. A photon candidate is selected if its
deposited energy is greater than 25 MeV (50 MeV) in
the barrel (endcap) region. The barrel (endcap) region
is defined as j cos  j < 0:80 (0:86 < j cos  j < 0:92),
where  is the photon polar angle. At least one high
energy photon is required in the EMC with deposited
energy higher than 0.4 GeV. The highest energy photon
is then assumed to be the ISR photon candidate.
After the event reconstruction, a four-constraint
(4C) kinematic fit is performed requiring the four-
momentum conservation between the initial e+e  sys-
tem and the final pp system. Events are selected as
e+e  ! pp candidates if they fulfill the require-
ment 24C < 50. The background from the process
e+e  ! pp0 can not be completely removed by
means of the kinematic fitting, and a dedicated back-
ground evaluation is performed, as described in the next
section.
Figure 3 shows the combinedMpp spectrum for pp
candidates selected at the seven energy points. The
residual e+e  ! pp0 background discussed in Sec-
tion 4 is also shown (blue histogram in Figure 3). A
clear peak from the resonance decay of J= ! pp is
seen in the spectrum. By fitting the J= peak using a
Breit-Wigner function convolved with a Gaussian, the
number of resonance decays J= ! pp (NJ= ) for
each data sample is determined. The branching frac-
tion J= ! pp can be calculated for each data sample
individually as follows [37]:




J= W (s; xJ= )L ;
(5)
where mJ= is the mass of the resonance, W (s; xJ= )
is the radiator function (xJ= = 1  M2J= =s),  e+e 
is the electronic width of the J= [38] and L is the in-
tegrated luminosity collected at the given c.m. energy
p
s. The detection efficiency J= is determined from
the signal MC simulations in the Mpp interval around
the J= resonance. The average value of B(J= ! pp)
obtained is (2.130.09)10 3, where the uncertainty is
statistical only. This result is in a good agreement with
the PDG value, (2.120.03)10 3 [38].























Figure 3: The Mpp spectrum for the full data sets (black dots with
error bars), and the remaining e+e  ! pp0 background (blue his-
togram).
4. Background estimation
For the processes e+e  ! + , K+K ,
e+e  and +  no MC events survive the selection
cuts described in Section 3. The residual background
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from these sources can be neglected, given the number
of generated MC event exceeds the number of events
expected in data.
The main source of background for the process un-
der study is e+e  ! pp0. To ensure a good descrip-
tion of this background in the simulation, the MC distri-
butions of Mpp and cos p for the background process
e+e  ! pp0 are corrected by selecting data samples
containing only the high-purity pp0 final state. The
pp0 event selection uses the same criteria as the signal
selection for the charged tracks and requires at least two
photons in the EMC without the minimum energy cut
of 0.4 GeV. After imposing the selection criteria for the
charged tracks and photons, a five-constraint (5C) kine-
matic fit is performed for the e+e  ! pp hypothesis
with requirements of energy and momentum conserva-
tion and the invariant mass of the two photon candidates
being constrained to the 0 mass [38]. The value of 25C
is required to be less than 60. To reject pp events, a 4C
kinematic fit is performed to the proton, antiproton and
the highest energy photon. The value of 24C is required
to be larger than 25. This selection provides a clean
pp0 event sample with the e+e  ! pp contamina-
tion below 0.1% level, as estimated from the MC sim-
ulation. To calculate the remaining pp0 background
contamination in the selected pp signal candidates, a
weighting method is applied:




whereN bkg is the estimated number of remaining pp0
background events, N dat0 and NMC0 are the numbers of
pp0 events selected from data and pp0 MC samples,
respectively, and NMCisr is the number of events selected
as pp from the pp0 MC samples.
The background estimateN bkg is calculated in two-
dimensional intervals of cos p and Mpp distributions
used for the determination of Rem. For the determina-
tion of the Born cross section for the process e+e  !
pp, N bkg is calculated in intervals of Mpp. The dis-
tribution of N bkg as a function of Mpp, summed over
the seven c.m. energy points, is shown as the blue his-
togram in Figure 3.
5. Ratio of proton form factors
The ratio of the electric and magnetic FFs Rem is








where N is the number of selected e+e  ! pp candi-
dates after e+e  ! pp0 background subtraction. The
shapes of the magnetic contribution FM(cos p;Mpp)
and the electric contribution FE(cos p;Mpp) are deter-
mined from the MC simulation, which includes the ra-
diative corrections. The distributions obtained for FM
and FE in a given Mpp interval are approximately pro-
portional to 1+cos2 p and sin2 p, respectively, as fol-
lows from Eq. (1). The factor 1
2
arises from the nor-
malization of FM and FE to the same integral, and the
parameterA is an overall normalization factor. In the fit
function,  is calculated as the mean value over the pp
mass interval.
The ratio of the proton FFs is determined by fit-
ting the cos p distribution in six Mpp intervals from
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threshold to 3.0 GeV/c2, with Mpp reconstructed from
the measured tracks of the proton and antiproton can-
didates. For each data set and Mpp interval, the es-
timated background from the process e+e  ! pp0
is subtracted from the number of signal candidates.
The remaining signal is corrected for the selection effi-
ciency calculated with corresponding MC samples and
the efficiency-corrected distributions from all data sets
are combined. Figure 4 shows the cos p distribution
for six Mpp intervals, and the results of the fits using
Eq. (7). Table 2 summarizes the Rem ratios obtained
from the fits.
pθcos


























































































































Figure 4: The efficiency-corrected cos p distribution for differ-
ent Mpp intervals after combining all data sets, (a) threshold–
1.95 GeV/c2, (b) 1.95–2.025 GeV/c2, (c) 2.025–2.10 GeV/c2, (d)
2.10–2.20 GeV/c2, (e) 2.20–2.40 GeV/c2 and (f) 2.40–3.00 GeV/c2.
The red dots represent the distribution from data after e+e  ! pp0
background subtraction (as described in the text) and MC efficiency
correction, the blue dotted lines show the fit to the data, and the green
and purple dash-dotted histograms represent the magnetic and electric
contributions to the fit, respectively.
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Table 2: Sum of the numbers of selected e+e  ! pp candidates




over the seven c.m. energy points, and the results for the ratio Rem







1.877-1.950 584 1605 1.27 0.23  0.09
1.950-2.025 802 3147 1.78 0.330.11
2.025-2.100 912 3528 1.46 0.27  0.09
2.100-2.200 905 3708 1.82 0.37 0.24
2.200-2.400 929 4779 1.36 0.37 0.22
2.400-3.000 1159 65610 0.64 0.47  0.22
The total systematic uncertainties for the measure-
ment of the ratio of the proton FFs are listed in Table 2.
The uncertainties include contributions from three main
sources: the number of cos p intervals in the fit, the 4C-
kinematic fit and the uncertainty of the e+e  ! pp0
background estimation. The contribution from the num-
ber of cos p intervals is evaluated by using cos p dis-
tributions with eight intervals instead of ten. The varia-
tions of the fit results are taken as systematic uncertain-
ties. The systematic uncertainty from the 4C-kinematic
fit is caused by inconsistencies between 24C distribu-
tions in data and simulation. It is estimated by mod-
ifying the helix parameters of the charged tracks for
the MC samples according to the method described in
Ref. [39]. Clean samples of selected e+e  ! pp0
events are used to compare the 24C distributions for
data and MC simulation. The difference in the deter-
mined Rem with and without this modification is taken
as the systematic uncertainty. To determine the uncer-
tainty from the background estimation, the number of
background events obtained in Section 4 is varied by
one standard deviation and the fit results after subtrac-
tion of the modified background are compared with the
nominal values. Other contributions to the Rem system-
atic uncertainty are negligible, when compared to the
size of the total uncertainty.
Figure 5 shows the results for Rem from this analy-
sis (red points), together with the results from previous
measurements. Both statistical and systematic uncer-
tainties are included.
]2 [(GeV/c)2q

















Figure 5: Results forRem from this work (BESIII (LA-ISR), red solid
dots) as a function of the momentum transfer squared, q2, together
with the results from previous experiments: BABAR [22], PS170 [18],
CMD-3 [15], and BESIII [14, 16, 24]. Both statistical and systematic
uncertainties are included in all the results.
6. Cross section for the process e+e  ! pp and pro-
ton effective form factor
The Born cross section for the process e+e  ! pp
is calculated in each Mpp interval i and for each data
sample j (j = 1; 2; :::; 7) as follows:
ij =
Nij  N bkgij
ij(1 + ij)Lij ; (8)
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where Nij is the number of selected e+e  ! pp can-
didates, N bkgij is the number of e+e  ! pp0 back-
ground events, ij is the detection efficiency, (1 + ij)
is the radiative correction factor calculated from the MC
simulations and Lij is the ISR binned integrated lumi-
nosity. The index j runs over the seven c.m. energies.
The binned integrated luminosity Lij is calculated as:
Lij =
Z




where W (sj ; xij) [Eq. (4)] is a function of the c.m. en-
ergy squared sj (j = 1; 2; :::; 7) and the energy fraction
xij , and Lj is the integrated luminosity collected at the
c.m. energy psj (Table 1). The integration in Eq. (9) is
performed over the width of the selected Mpp interval.
The sum over the seven energy points for the binned
integrated luminosity (Li), the selected e+e  ! pp
candidates (Ni) and the background events (N bkgi ) in
each Mpp interval is given in Table 4. The averages
over the seven c.m. energy points of the selection effi-
ciencies (i) and the radiative correction factors (1 + i)
calculated as:
i = j(ijLij)=Li;
(1 + i) = j((1 + ij)Lij)=Li;
(10)
are also listed in Table 4. The Born cross sections ij
are combined using the method of simple weighted av-
erages [40]:













where  is the statistical uncertainty of the cross sec-
tion . The indices j and l run over the seven c.m. en-
ergies. The systematic on the measurements of ij at
the different c.m.energies are fully correlated and there-
fore need not be considered when determining the com-
bination. The effective FF of the proton is calculated
according to Eqs. (2) and (3).
The experimental resolution on Mpp is typically
eight times smaller than the width of Mpp intervals
and the event migration across the intervals is relatively
small, well below the total uncertainty of the measured
cross sections. The migration effect is taken into ac-
count using the MC simulation.
Several sources are considered as contributing to the
systematic uncertainties. The uncertainties from track-
ing and PID efficiencies and the E=p requirement are
each 1.0% per track for all the pp mass intervals [14].
The systematic uncertainty of the luminosity measure-
ment is 1.0% for all the data sets [29, 30]. The system-
atic uncertainties due to the 4C-kinematic fit and the
background estimation are determined using the same
methods as described in Section 5. The radiative correc-
tion factor (1+) is calculated in PHOKHARA genera-
tor with a theoretical uncertainty of 1%. The uncertainty
from the energy dependence of the Born cross section
used for the (1+) calculation is determined by varying
the line shape of the cross section from PHOKHARA
event generator within the errors of the measured cross
section. The systematic uncertainties listed above are
added in quadrature and are summarized in Table 3.
In Table 4, the obtained values of the Born cross
section for the process e+e  ! pp and the effective
FF of the proton are listed including the statistical and
systematic uncertainties. Figures 6a and 6b show the
12
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Figure 6: The cross section for the process e+e  ! pp (a) and the effective FF of the proton (b) measured in this work (red points), together
with the results from previous experiments: BESIII [14, 16, 24], BABAR [22, 23], E835 [19, 20], Fenice [9–11], PS170 [18], E760 [17], DM1 [6],
DM2 [7, 8], BES [13], CLEO [12], and ADONE73 [5]. The blue dashed curve shows the parameterization from Ref. [41] based on Eq. (12).
results from this analysis for the e+e  ! pp cross sec-
tion and the proton effective FF, respectively, together
with results from previous experiments.
Table 3: Summary of the systematic uncertainty contributions (in
%) to the measurement of the Born cross section for the process
e+e  ! pp. The contributions from the tracking and PID efficien-
cies, E=p requirement, radiative corrections and luminosity are uni-
form over the considered pp mass range. The systematic uncertainty
due to the 4C kinematic fit and background subtraction depends on the
pp mass interval. The systematic uncertainties are added in quadra-






Radiative corrections 1 - 4
4C kinematic fit 1 - 4
Background subtraction 1 - 8
Sum (cross section) 4 - 9
13
p [GeV/c]
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Figure 7: The effective FF of the proton, after subtraction of the
smooth function described by Eq. (12), as a function of the relative
momentum p. The data are from the present analysis (red points) and
previous measurements of BESIII [16, 24] and BABAR [22, 23]. The
black dashed curve shows the parameterization from Ref. [42] based
on Eq. (13).
The data on the TL effective FF are best reproduced
by the function proposed in Ref. [41],
jGe j = A
(1 + q2=m2a)[1  q2=q20 ]2
; q20 = 0:71 (GeV/c)
2;
(12)
where A = 7:7 and m2a = 14:8 (GeV/c)2 are the fit pa-
rameters obtained previously in Ref. [43]. This function
is illustrated in Fig. 6b by the blue dashed curve and re-
produces the behavior of the effective FF over the full
q2 range. However, the measurements indicate oscillat-
ing structures which are clearly seen when the residuals
are plotted as a function of the relative momentum p
of the final proton and antiproton [42]. Figure 7 shows
the values of the proton effective FF as a function of
p after subtraction of the smooth function described by
Eq. (12). The black curve in Fig. 7 describes the peri-
odic oscillations and has the form [42]
Fp = A
osc exp( Boscp) cos(Coscp+Dosc); (13)
where Aosc = 0:05, Bosc = 0:7 (GeV/c) 1, Cosc =
5:5 (GeV/c) 1 andDosc = 0:0 have been obtained from
a fit to the BABAR data [43].
7. Summary
Using seven data sets with a total integrated lumi-
nosity of 7.5 fb 1 collected by the BESIII experiment at
p
s between 3.773 and 4.600 GeV, the ratio of the pro-
ton electromagnetic FF absolute values, the Born cross
section for the process e+e  ! pp and the effective
FF of the proton are measured from the pp threshold
to 3.0 GeV/c2 through the ISR process e+e  ! pp.
This measurement confirms an enhancement of the ratio
of FFs in the Mpp region below 2.2 GeV/c2 previously
observed by BABAR and BESIII and differs from the
behavior reported by PS170 [18]. Close to the thresh-
old, the observed ratio is compatible with unity within
the uncertainties. The results on the Born cross section
for the process e+e  ! pp and the proton effective
FF presented in this work are in a good agreement with
the measurements from the previous experiments [5–
22, 24]. In particular, we reproduce the structures seen
in the BABAR and previous BESIII measurements of the
proton effective FF. The origin of these oscillating struc-
tures can be attributed to an interference effect involv-
ing rescattering processes in the final state [43] or to
independent resonant structures, as in Ref. [44]. The
precision of the measurements obtained in this work are
comparable to or lower than that achieved in previous
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Table 4: The integrated luminosity (Li), the number of candidates ( Ni), the estimated e+e  ! pp0 background (N
bkg
i
), the average over the
seven c.m. energy points of the selection efficiencies (i) and the radiative correction factors ((1 + i)), the measured e+e  ! pp Born cross
section (i) and the effective FF (jGe j).
Mpp [GeV/c2] Li [pb 1] Ni N
bkg
i i (1 + i) i [pb] jGe j
1.877 - 1.900 2.11 167 30.8  2.3 0.071 1.21 721  71  26 0.401  0.020  0.007
1.900 - 1.925 2.30 194 52.8  3.0 0.068 1.15 735  77  26 0.320  0.017  0.006
1.925 - 1.950 2.36 223 77.4  3.6 0.069 1.13 787  84  30 0.298  0.016  0.006
1.950 - 1.975 2.41 263 88.8  3.9 0.068 1.12 933  90  34 0.305  0.015  0.006
1.975 - 2.000 2.47 270 113.0  4.4 0.067 1.12 818  90  41 0.275  0.015  0.007
2.000 - 2.025 2.53 269 114.6  4.4 0.067 1.11 796  89  38 0.263  0.015  0.006
2.025 - 2.050 2.59 309 118.9  4.5 0.066 1.11 950  93  38 0.282  0.014  0.006
2.050 - 2.075 2.65 321 123.1  4.6 0.066 1.11 1011  95  41 0.286  0.013  0.006
2.075 - 2.100 2.72 282 112.8  4.4 0.065 1.11 792  86  36 0.251  0.014  0.006
2.100 - 2.125 2.79 264 105.7  4.2 0.066 1.10 762  82  31 0.244  0.013  0.005
2.125 - 2.150 2.85 227 92.7  3.9 0.066 1.10 610  73  25 0.217  0.013  0.004
2.150 - 2.175 2.93 236 92.4  3.9 0.065 1.10 650  74  26 0.224  0.013  0.004
2.175 - 2.200 3.00 178 81.2  3.7 0.066 1.10 427  62  19 0.181  0.013  0.004
2.200 - 2.225 3.08 174 83.7  3.7 0.066 1.10 385  60  17 0.172  0.013  0.004
2.225 - 2.250 3.15 140 65.2  3.3 0.067 1.10 314  52  14 0.155  0.013  0.003
2.250 - 2.275 3.24 152 65.4  3.3 0.068 1.10 359  53  15 0.166  0.012  0.004
2.275 - 2.300 3.32 114 62.1  3.2 0.068 1.09 186  43  11 0.120  0.014  0.003
2.300 - 2.350 6.91 192 105.6  4.2 0.070 1.10 154  27  8 0.110  0.010  0.003
2.350 - 2.400 7.28 157 93.5  3.9 0.072 1.09 107  23  6 0.092  0.010  0.003
2.400 - 2.450 7.69 149 82.1  3.7 0.073 1.09 100  20  8 0.090  0.009  0.003
2.450 - 2.500 8.13 139 66.9  3.3 0.075 1.08 108  19  7 0.094  0.008  0.003
2.500 - 2.550 8.60 126 62.8  3.2 0.076 1.09 90  17  5 0.087  0.008  0.002
2.550 - 2.600 9.12 104 54.0  3.0 0.077 1.08 64  14  3 0.075  0.008  0.002
2.600 - 2.650 9.68 109 52.9  2.9 0.077 1.09 67  13  3 0.077  0.008  0.002
2.650 - 2.700 10.29 75 47.3  2.8 0.078 1.08 31  11  2 0.053  0.009  0.001
2.700 - 2.750 10.97 73 47.4  2.8 0.080 1.07 26  10  2 0.050  0.009  0.002
2.750 - 2.800 11.71 82 48.4  2.8 0.080 1.07 33  10  2 0.056  0.008  0.002
2.800 - 2.850 12.54 70 50.6  2.8 0.080 1.08 18  9  1 0.042  0.011  0.002
2.850 - 2.900 13.45 92 47.5  2.7 0.080 1.06 30  8  3 0.056  0.007  0.002
2.900 - 2.950 14.47 69 49.9  2.8 0.081 1.07 18  8  1 0.044  0.010  0.002
2.950 - 3.000 15.62 71 49.3  2.8 0.082 1.06 19  7  1 0.045  0.008  0.001
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BESIII studies [14, 16, 24] using the direct annihila-
tion and SA-ISR processes which benefit from higher
statistics. The analysis described here shows the pos-
sibility to use the LA-ISR technique at BESIII to per-
form independent and complementary measurements of
the proton FFs down to the production threshold. Larger
sampes that are currently being collected by BESIII [28]
will enhance the precision of these measurements.
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